Coppicing was widespread throughout Europe for many centuries but was largely abandoned in the second half of the 19 th century. Currently, there has been a renewed interest in coppicing for biomass production and nature conservation.
JOURNAL OF FOREST SCIENCE, 61, 2015 (1): 27-34 doi: 10.17221/91/2014-JFS Coppicing is one of the oldest forestry systems known from many countries worldwide (Evans 1992; Fujimori 2001) . Coppices were usually used as a source of firewood until the second half of the 19 th century (Buckley 1992; Peterken 1993) . Since then, the conversion of coppices to high forests has been the principal trend especially in central and northwestern Europe (Matthews 1991; Peterken 1992) , particularly due to demand for higher-quality timber (Hédl et al. 2010) . Coppicing today remains a common forest management system in countries of south-eastern Europe (Vacik et al. 2009; Velichkov et al. 2009; Maděra et al. 2014) to provide firewood on the local scale. The importance of coppices increases in the field of nature protection where there is an increased growth (Mason, Macdonald 2002) , and as a natural habitat for the reproduction and life of birds (Fuller 1992) , small mammals (Gurnell et al. 1992 ) and invertebrates (Greatorex-Davis, Marrs 1992; Spitzer et al. 2008) . Nowadays, with the growing interest in biomass as an alternative energy source, a growing interest in the potential renewal of coppicing can also be seen in countries of central and western Europe (Matula et al. 2012; Šplíchalová et al. 2012) . Although the interest in coppicing is increasing, there is still a lack of information regarding the effect of coppices on site conditions and ecological characteristics, such as soil properties, growth properties of the tree species, and nature protection (Vacik et al. 2009; Matula et al. 2012) . Van Calster et al. (2007) noted that longterm studies showed no effects on soil acidity or the herb layer in changing forest management; changes were attributed to atmospheric deposition and/or leaf litter (e.g. Persson et al. 1987; Thimonier et al. 1994; De Schrijver et al. 2006) . Although the effect of tree species composition on soil chemistry has been wellknown (Prescott 2002; Aubert et al. 2004; Reich et al. 2005) , the effect of various management methods on changes in soil chemistry has not been sufficiently explored (Johnson, Curtis 2001) . The analysis of 432 studies of soil C responses in temperate forests around the world found a significant impact of harvesting on soil C storage (Nave et al. 2010 ).
The knowledge of long-term growth dynamics of active coppices in respect to the high forest or abandoned coppices is of the same importance as information about the effect of coppicing on sites, especially if we are thinking about coppices as an alternative of short-rotation coppices and as a renewable energy source. Bühler (1922) stated that differences in mean annual growth between high and low forests (i.e. coppice) are indistinct, although the quality of the site plays an important role. A much faster growth of coppice was also reported compared to generative forest (Vyskot 1978) .
In our study we focused on the effect of active coppicing on soil chemistry and individual tree growth in temperate forest in Turkey where many forests have been managed as active coppices for centuries. We also surveyed forest structure and assessed soil quality by measuring the content of macroelements in both active and abandoned coppices. Using the data on soil properties and tree growth from active and long-time abandoned coppices from the same site, we tested the hypothesis that active coppicing affects soil chemistry (i) as well as boosts individual tree growth (ii).
MATERIAL AND METHODS
Studied locality. The study was conducted in the European part of the Republic of Turkey, approx. 30 km north of the centre, Istanbul, in the research forest of the Forestry Faculty, Istanbul University in Istanbul, near the town of Bahcekoy Merkez Mh. (Fig. 1) . The research forest stands are localized between (28°59'17'', 29°32'25''E) and (41°09'15'', 41°11'02''N), with the altitude ranging between 30 and 240 m a.s.l.
Total mean annual rainfalls are 1,074 mm; mean annual temperature is 12.8°C (Bahceköy meteorological station . According to Thornthwaite's metodology (Thornthwaite, Hare 1955) , the studied locality has a wet mesothermal climate with an influence of the near sea and a slight water deficit in the summer.
Geological subsoil is composed of shale siltstone. Soils show moderate depths, without a skeleton, and are deeper and more skeletal at mountain peaks. The main type of soils is argillaceous -clay soil, soil type: Cambisol (Kavgaci 2001 (Kavgaci 2001) .
Clear-felling management with rotation time between 20 and 30 years has been used on the studied active coppices during the last 100 years. The abandoned coppiced were managed in the same way but have not been affected by any kind of management activities for approx. 80 years.
Research plots. In order to locate the research plots, abandoned coppices were first selected and parallelly to them active coppice on the same sites. Both were compared on northern, southern exposure and peak of a hill. The design of the research plots was a line transect. In total, 15 line transects were marked out and 46 research plots were selected and measured (Table 1) . A distance between research plots was at least 60 m. Unbalanced numbers of selected plots were due to the small number of suitable forest stands within the same site.
Data collection in the research area. The stand structure was studied in circular plots with 9 m radius using the FieldMap (laser distance meter, compass, resistant tablet, monopod, and FieldMap Data Collector software) (IFER, Ltd., Jílové u Prahy, Czech Republic). Positions of single-stem trees and polycormons were clearly defined and measured. Trees with multiple stems or any residues thereof (cuts, stubs) were considered as polycormons, which included both naturally multiple-stem shrubs and coppiced trees. They were individuals of vegetative origin irrespective of their mode of origination. Stem diameter at the height of 1.3 m (DBH) was measured in singlestem individuals. DBH > 2 cm was chosen as the registration threshold for tree measurements. Polycormons were measured if they contained at least one stem with DBH > 2 cm or at least one cut with the diameter larger than 5 cm, or if the polycormon dimension at the base was at least 10 × 10 cm. DBHs were used to calculate the circular basal area (BA). Furthermore, the representation of individual tree species was calculated in the plots according to their BA values. On each plot, cores were collected from oak and hornbeam trees -two cores per tree (other tree species were present with low frequencies) with the greatest DBH within each plot using Pressler's borer. The cores were taken in the perpendicular direction to the slope in order to eliminate any bias of the results due to the potential presence of reaction wood. Soil samples were collected at 3 points of each plot from the A horizon -organic and mineral horizon (approx. 10 cm layer under the litter) and averaged. Essential soil macroelements (Ca, K, Mg, P, Na, N total, oxidized carbon -C ox ) and the soil reaction (pH KCl ) were analysed according to the Melich II methodology (Zbíral 2002) .
Data evaluation. Soil analyses were evaluated by the Manual of Methods for Soil and Land Evaluation (Constatini 2009), and the C:N ratio was calculated. Potentially exchangeable soil reaction (pH KCL ) was primarily used to evaluate the soil pH value, which is more stable compared to active soil reaction (pH H 2 O ) that shows considerable variability, for example, due to weather conditions. The effect of environmental factors and forest structure and growth dynamics, differences in soil chemistry were analysed using general linear models (OLS). Plots of active coppices at the peak of the hill were removed from soil analyses because they were located in a more fertile site compared to the other plots. The analysis of the effect of coppice type on the nutrient contents in soils on the north exposure was inconclusive due to the small number of repetitions.
The following dependent variables were used as to test the effect of the forest structure (active/ abandoned coppice) on soil chemistry: pH KCL , Ca, K, Mg, P, Na, N -total, C ox , C:N. Mean radial growth using the last 10 tree rings was calculated to test the relation between soil characteristics and forest structure. Mean growth rate was used as a dependent variable in OLS, while the following ones as independent variables: (i) For plots: the content of N, P, Na, K, Ca, Mg, pH, forest type, BA, aspect; (ii) For the individual: stem age, species. We analysed those variables separately including also an interaction effect with forest type (active coppices on slopes, active coppices on hilltop, abandoned coppices). The usual significance level of α = 0.05 was used. All analyses were carried out in the R environment (R Core Team 2013).
RESULTS

Stand structure
Stands with dominant hornbeam and oak trees were found in the research plots on both southern and northern exposures. The age of trees in abandoned coppices ranged between 70 and 75 years while the oldest stems within active coppice of plots on slopes were 35-50 years old. Chestnut trees dominated in the active coppice stands on the hill, being approximately 25 years old.
Characteristics of the coppice structure in the studied area are shown in Table 2 . Differences between the active and abandoned coppices are evident in all characteristics, e.g. BA in active coppice reaches 76% of BA of abandoned coppices. Mean BA per polycormon was 0.03 m 2 . Mean DBH of the active coppice was 50% of the mean DBH for abandoned coppice. Mean height of active coppice stands was 73% of the mean height of abandoned coppices.
Soil chemistry
The analysis of the management (abandoned coppice/active coppice) effect on nutrient contents in soils indicated significant differences in the contents of Ca, K, N, in pH and C:N ratio (Table 3) . The pH and contents of all elements were lower in active coppices DBH -diameter at breast height; BA -basal area; ± SD -standard deviation -both oak and hornbeam ones -than in abandoned coppices (Fig. 2) . We found significantly higher contents of most of the observed soil variables (P < 0.05) in active coppices on the hilltop compared to other active coppice stands.
Results of soil chemical analyses for abandoned coppice and active coppice are shown in Table 3 . According to the classification used (Constatini 2009), the soils are strongly acidic in both management types. Oxidized carbon content in both management types is very high. When multiplying C ox by the empirical coefficient 1.724, soils of the explored locality can be classified as strongly humus-rich soils (range 7.6-8.4). According to the N content, the soils in active coppice are classified as those with a good content of N, and stands of abandoned coppices have soils with a rich supply of N, meaning that their N content is higher. The Table 3 . Mean values of the studied soil characteristics for both types of coppice (P < 0.05, df = 2, 35) C:N ratio showed higher values in active coppices compared to abandoned coppices. Active coppices on the hill were an exception, which showed significantly higher contents of most of the observed soil chemistry variables (P < 0.05). Both active coppices and abandoned coppices showed a high Ca content. A medium K level in soils and a high level of the soil magnesium were found in both forest types. On the contrary, in terms of P content in the soil, both forest types are classified in the low P content category. The studied area is thus poor in P, while the representation of the other macroelements is satisfactory. The analysis of the different exposure effect (north/south) in the same type of coppice on nutrient contents in soils did not indicate any significant differences either in active or in abandoned coppice. The analysis of the effect of coppice type on the nutrient contents in soils on the south exposure showed higher contents of Ca, K and N in abandoned coppice stands.
Growth dynamics
The mean annual growth analysis in the last 10 years did not show a significant difference between different coppices but it revealed significant effects of aspect, stem age and content of some macroelements in the soil. Individuals on the hill exhibited considerably higher growth than individuals on slopes (P = 0.039; Fig. 3) . No significant differences were found between northern and southern aspects. The growth rate also decreased with increasing stem age (P = 0.048).
Soil macroelements including the interaction of forest type with mean annual growth showed a significant relation with calcium, magnesium, soil pH and C:N ratio in active coppices on the hilltop ( Fig. 4 ; Table 4 ). The mean annual growth during the last 10 years increased with the increasing content of soil macroelements and increasing pH. 
DISCUSSION
Restoring of coppicing, particularly in countries of central Europe, motivated either by nature protection or biomass production, emphasizes the need of understanding the effect of this management system on site properties and growth dynamics which is still missing. Our study contributes to fill this gap, demonstrating a significant depleting effect of coppicing on soil fertility but no effect of the forest structure on growth, contrary to our hypothesis.
As far as production is concerned, our results indicate the lower values of basal area in active coppices by 24% compared to abandoned coppices, which is equivalent to the data of Viewegh (1957) and Vyskot et al. (1978) , who reported generally lower values of the basal area in coppices compared to high forests. Although the production of good-quality products of active coppices is lower compared to high forests or abandoned coppices (Šnajdar 1943; Zlatník 1957) , differences in the total biomass volume of coppices fade away to a considerable extent, considering approximately three production periods of coppices in one production period of the high forest. Production of good-quality products in active coppices can be improved by growing mixed coppice stands, because Slávik and Khun (2014) demonstrated the influence of auxiliary species (for example hornbeam) on the qualitative parameters of oak stands.
The effect of coppicing on soil fertility still remains an open question. An increase in soil acidification after 46 and 38 years, respectively, was found in previous long-term studies focused on changes in soil acidification after the forest conversion from coppice with standards to high forest (Van Calster et al. 2007; Baeten et al. 2009 ). However, these changes in pH may also be related to changes in the environment seen in the recent decades, due to increased depositions of acid atmospheric pollutants (Kuhn et al. 1987; Thimonier et al. 1994; Van Calster et al. 2007) . A different finding was obtained by Hédl and Rejšek (2007) , who found no significant changes in the soil reaction of coppices in the Czech Republic, which had not been actively managed by coppicing for 40 years. However, our study demonstrated higher acidification in active coppices compared to abandoned coppices.
Some of the first papers on coppices in central Europe note a potential threat of coppices in terms of a possible reduction in the nutrient capacity of soil at less favourable sites (Guttenberg 1911; Frič 1947) . Results of our study also confirm these results, demonstrating lower contents of the majority of the studied macroelements in soils of active coppices. The carbon stored in forest soil is an important component of the global carbon cycle (Nave et al. 2010) . The effect of the management type on oxidized carbon content in soil was not found in our study. A similar finding was also reported by Johnson and Curtis (2001) in their meta-analysis of the effect of various types of forest management on nutrient amounts in the soil, concluding that felling has only a low or no effect on carbon and nitrogen contents. Contrary to this, Nave et al. (2010) found a reduction of carbon content by 8% on average after felling. Nitrogen is another important element in the soil, being one of the main nutrients necessary for the formation of biomass and for vital functions of organisms. Its content in the soil is relatively stable given that nitrogen is bound in compounds difficult to degrade both chemically and microbiologically (Richter 2007) . For this reason, the content of total N in the soil is often expressed in relation to Cox using the C:N ratio. In their paper on the long-term effect of short-rotation coppices Kahle et al. (2007) noted an increase in carbon and nitrogen contents in the soil after 12 years of operating short-rotation coppices of willow and poplar trees on previously arable land. On the contrary, the contents of phosphorus and potassium decreased within 6 years after coppice establishment. Our study showed a lower content of total nitrogen in the soil of active coppices. In our study, the C:N ratio showed higher values in coppices; coppices were thus poorer in nitrogen supply.
Considering the amount of macroelements in the soil, based on the classification used (Constatini 2009) it can be noted that the studied area is poor in phosphorus contents. Calcium and phosphorus belong to the elements that showed lower values in active coppices compared to the values of abandoned coppices. Considering the function of calcium as an essential biogenic element and phosphorus as an element of biochemical functions of plants, particularly the growth, attention should be paid to their amount in the soil in localities with their low level to prevent their depletion below a threshold limit. Other analysed elements that showed lower contents in active coppices compared to abandoned coppices should not be depleted beyond threshold limits considering sufficient supply of trees.
Considering coppicing as a source of biomass, we could ask the fundamental question to what extent the radial growth of coppices differs from abandoned coppices or high forests. The effect of coppicing on growth rate was not demonstrated in our study; although Altman et al. (2013) stated that forest management is an important factor that affects changes in the thickness of annual tree rings. The decrease of mean annual growth with age corresponds to findings that overaged coppice stands are characterized by a reduction in radial growth (Floret et al. 1989; Cañellas et al. 1996; Corcuera et al. 2005 ). In our study we observed a positive relationship between the radial growth rate and the amount of nutrients in the soil in the active coppice on the hilltop. Similarly, Cartan-Son et al. (1992) found that the radial growth of Quercus ilex in coppices in southern France was increased by nutrient supply (nitrogen, phosphorus, potassium). Although the content of some elements in the soil differed between active and abandoned coppices in our study, we demonstrated its effect on growth only in coppices on the hilltop but not in coppices located on slopes. This may be caused by a difference in nutrient availability in the soil and by the ability of the trees to take up the nutrients. This ability may be affected by numerous factors, such as interactions of roots with other organisms in the soil, heterogeneous nature of the soil, mycorrhizal symbiosis (allowing for, in particular, effective utilization of both highly dispersed and heterogeneously located nutrients in the soil), and soil pH, which has an impact on the availability of individual mineral nutrients.
CONCLUSIONS
In the context of renewed interest in coppicing, attention should be turned to countries where this management method is still used given that such countries can provide support materials and practical illustrations for scientific studies. Turkey is one of those countries, where both active and abandoned coppices can be found at the same site, and which thus enabled us to analyze the effect of coppicing on soil and growth. As a result of the present findings, we conclude that coppicing may have a negative effect on soil and site. Given the topicality of coppicing in recent years and ecosystem services of this type of management, similar studies will be needed in a broad range of site conditions in order to generalize the obtained results.
